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[57] ABSTRACT 

Driving apparatus for a liquid crystal display. The appa- 
ratus includes a square wave generator which drives an 
operational amplifier. The operational amplifier has a 
pair of parallel feedback paths, one of which is a capaci- 
tive feedback path and the other of which is a resistive 
feedback path. Automatic temperature compensation is 
provided by incorporating a thermistor in the resistive 
feedback path. The output signal from the operational 
amplifier varies in a linear manner with temperature so 
as to produce an optimal drive for the liquid crystal 
display. 

13 Claims, 2 Drawing Sheets 
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TEMPERATURE COMPENSATION APPARATUS 
FOR UQUID CRYSTAL DISPLAY 

CROSS REFERENCE TO RELATED 5 
APPLICATION 

This application is a coiitiiiuation-in-part of applica- 
tion Ser, No. 07/640,189 filed Jan. 11, 1991, now aban- 
doned. 

10 

BACKGROUND OF THE INVENTION 

This invention relates to the field of contrast control 
for liquid crystal displays and more particularly to ap- 
paratus for adjusting the contrast control voltage of a 
hquid crystal display to compensate for ambient tern- 
perature effects. Liquid crystal displays are generally 
driven by a driving voltage VDD-VLCD, where VDD 
is a supply voltage which is applied uniformly to all 
cells of the display, and VLCD is a contrast control 
voltage which is selectively switched only to predeter- 20 
mined cells. In general the visual contrast between a 
selected cell and a non-selected cell varies with viewing 
angle, incident lighting level and the level of the driving 
voltage. For any combination of incident lighting level 
and viewing angle, there is a driving voltage which 25 
produces the optimum contrast. Unfortunately, the 
optimum driving voltage changes with ambient temper- 
ature. This variation of optimal driving voltage with 
temperature is well known, and numerous schemes 
have been devised for introducing automatic conec- 30 
tions. However, prior art devices are often times inac- 
cixrate. Those which have prodtxced satisfactory accu- 
racy are generally complicated and expensive. There is 
a need for a simplified and effective device for automati- 
cally correcting the driving voltage to a liquid crystal 35 
display to compensate for the effect of temperature on 
the observed contrast. 

SUMMARY OF THE INVENTION 

This invention provides an apparatus for generating a 40 
contrast control voltage for a liquid crystal display 
which has a temperature dependency matching that of 
the liquid crystal cells. This results in a driving voltage 
which produces an optimum observed contrast over a 
normal range of operating temperatures. 45 

The apparatus comprises a driver, preferably a rect- 
angular wave generator, which may be a programmed 
microprocessor, and a signal processing circtiit includ- 
ing an operational amplifier having a pair of parallel 
feedback paths. One path is a resistive feedback path 50 
and includes a thermistor having a negative temperature 
coefficient. The inherent nonlinearity of the thermistor 
may be compensated by use of a shunt resistor in the 
resistive feedback path. The second feedback path in- 
cludes a capacitor for averaging the output signal from 55 
the operational amplifier. The output from the rectan- 
gular wave generator is used as an input for the opera- 
tional amplifier, and the output from the operational 
amplifier provides the desired contrast control voltage. 

A preferred embodiment of the invention generates a 60 
rectangular wave at a nominal frequency of about 23.6 
kilohertz with a variable duty cycle of about 50% nomi- 
nal and converts this rectangular wave into a contrast 
control voltage which varies with temperature at a rate 
of about —68 millivolts per 'C. 65 

It is therefore a principal object of this invention to 
provide a contrast control voltage for a liquid crystal 
display which varies with temperature in a manner 



2 

which will produce an image on a liquid crystal display 
having optimum contrast over a range of working tem- 
peratures- 
Other and further objects and advantages of the in- 
vention will be apparent from the following description, 
the accompanying drawings, and the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plot of required and actual LCD driving 
voltages over a range of working temperatures. 

FIG. 2 is a generalized block diagram of apparatus 
for generating a contrast control voltage in accordance 
with this invention. 

FIG. 3 is a schematic diagram of an electrical circuit 
for producing a temperature compensated contrast con- 
trol voltage. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

An understanding of the objective of the present 
invention may be gained by referring to FIG. 1 wherein 
are illustrated two straight lines 7 and 9. The line 7 
represents to a fairly good approximation the driving 
voltage (VDD-VLCD) required in order to maintain a 
condition of optimal contrast under typical illumination 
and viewing angle conditions for a commercially avail- 
able liquid crystal display. This required voltage de- 
creases fairly linearly with increasing temperature at the 
rate of about 68 millivolts per *C. 

The line 9 approximates the driving voltage obtained 
fi-om apparattxs constructed in accordance with this 
invention. Line 9 has a negative slope of 65 millivolts 
per *C. This line is easily shifted upwardly or down- 
wardly as required for driving a selected liquid crystal 
display under predetermined lighting and viewing con- 
ditions. The value of VDD for the plots of FIG. 1 is 
approximately -1-5 volts. 

Contrast adjustment apparatus in accordance with 
this invention is illustrated in dotted line form in FIG. 2 
as indicated by the reference numeral 10. Apparatus 10 
comprises a rectangular wave generator 12 and a signal 
processing circuit 14. Rectangular wave generator 12 
may be any convenient hardware or firmware device. It 
may also comprise a programmed microprocessor. A 
progranmied microprocessor is preferred, because it 
readily may be programmed to produce a rectangular 
wave of any desired duty cycle and at any ft'equency 
which is a submultiple of the microprocessor clock 
frequency. It is contemplated that the rectangular wave 
output from the generator 12 will have a fixed ampli- 
tude (in the order of about 3.5 to 5 volts). Signal pro- 
cessing circuit 14 is designed to accommodate such an 
input and to respond thereto by producing a tempera- 
ture compensated contrast control voltage (VLCD) 
having an average steady state value given by the ap- 
proximate equation: 

VLCD (7) = - 1 7.95 v-}-0.063 (T- To) v/"C To=15' 
C. 

This will produce an LCD drivmg voltage as illustrated 
by line 9 of FIG. 1. However, the voltage signal will 
also have a slight ripple with an amplitude low enough 
to avoid flickering of liquid crystal display 16. 

The liquid crystal display may be any of a variety of 
commercially available devices. A typical display 
which has been driven by apparatus according to this 
invention is an Epson EG7500 LCD array which selec- 
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tively drives a matrix of 320 by 200 crystal cells. Such -continued 
an LCD module is suitable for application to point-of- 
sale terminals such as may be used in supermarkets and 
the like. These terminals may be arranged for viewing 
at a fairly constant viewing angle and may have well- 
controlled incident lighting so that only temperature- 
related adjustment is required. When driven by appara- 
tus according to this invention, no manual adjustment is 

required. . . r, . « in These tabulated results were used to construct line 9 of 

LO^tavecjcmt Umaybe^^^ 10 ^ menlioned above. The experimental data 

u '^ ^ ' ^^'^^ using an input square \va^ having a 

mtegratorbmlt around an operauomd amphfier 20 hav- frequency of 23.6 kilohertz; an mpUtude of approxi- 

mg a resisttve feed^^^^^ 22 and a capacitive feed- ^^^^ 5 ^ ^ ^ ^^^P 

back path 24 Resisnve feedback path 22 incorporat^ a ^^^^ temperatures The contrast was optimized ini- 

^ermistor RT, manufactured by Keystone Carbon 15 tially at a fixS^temperature by aligning the duty cycle. 

^"^^""d^l^"' -H 'fJ T^"' ^ "^H^^"' the temperatiTe was v^edS t^ow^ C to 

RL2005.5536-122D1 to provide the temperatoe depen^ ^^^^^ ^ P ^CD drive volt- 

dency discussed above m connection with FIG. 1. ^„^„^^^. a a * ^"^i'^^ '^^^ ^^^^^^^ 

Thermistor RT has a resistance of lOK ohms at 25' C T • 1 ^^V^i ^ '^''''u'' "^"^ 

and a negative temperature coefficient 20 visudly n^pected through a glass wmdow on the tern- 

The resistance of a thermistor such as thermistor Rr ^'''T noticeable change m cont^t 

varies nonhnearly with temperature. Therefore, the ^^^^^erved as the temperature was stabihzed after 
preferred embodiment of the invention includes a shunt ^^y, empera ure s p. . ^ * 

resistor R3. For a thermistor of the type mentiom^d . ^^"^ that the ratio of the peak-to-peak 

above, the variation in the resistance of circuit 14 with 25 npple to the mean signal value is given by the expres- 
temperature may be fairly well linearized by use of a 
shunt resistor R3 havmg a resistance about equal to the 

resistance of thermistor Rt* at room temperature (the ^ ^ n y v -1 

mid-operation range). Shunt resistor R3 and thermistor ^ l ~i ji c^-\ J 

Rr are in series with another resistor R4 which may " '-^ * ^ 

have a value of about 22. 1 K ohms. Capacitive feedback where- 
path 24 includes a capacitor Co which may have a ca- 
pacitance of about 0. 1 microfarads. Capacitive feedback ^ 1 
path 24 performs an integration or averaging function, 
whereas resistive feedback path 22 provides the desired . . 

voltage gain. The parallel combination of shunt resistor ^ examination of the above equation will show that 
R3 and thermistor Rj- determines the variation of volt- ratio of ripple to mean signal increases with decreas- 

age gam with temperature, whereas series resistor R4 ing duty cycle. For example, with f=:23.6 KHz, 
provides the proper DC offset. Ro=27.1K fl, Ri=3.92K H and Co=0.1 /jif, the ratio 

The time constant of ckcuit 14 is RoCo, where Ro is increases from 0 to 1.25% as D decreases from 1.0 to 
the effective resistance of resistive feedback path 22, 0.2. When f is decreased to 5.9 KHz for the same Ro,Ri, 
The output of circuit 14 to a square wave input is a DC ^nd Ca the ratio drops to 1.25% for a duty cycle of 0.8. 
signal with a slight ripple. As the time constant in- It is preferred in accordance with the practice of this 
creases, the response time of the circuit increases and ^. invention that the ratio of ripple to mean signal not be 
the amplitude of the ripple decreases. In general, since greater than about 1.25%, especially at lower pulse 
rapid temperature variations are not very likely, a rela- frequencies. 

tively large time constant in the order of a few millisec- As noted above, the output from signal processing 
onds is preferable for reducing the flickering of the circuit 14 is a DC signal with a slight ripple. The mean 
LCD module 16. The specific circuit described herein value (DC level) is given by the expression: 
has a time constant of about 2.71 milliseconds. 

Drive circuit 14 also has an input resistor R] and a k„ = d 

buffer 36. Resistor Rj may have a value of about 3.92K Ri 
ohms. Buffer 36 assures a consistent signal swing and 
may be a type 74HC04 device. where; 

An experiment was performed with a circuit config- is the hi value of the rectangular wave voltage 

ured as illustrated in FIG. 3, and the results of the 5 D is the duty cycle (pulse length divided by the cycle 
experiment are tabulated in Table I. length) 
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The ripple has the general shape of a sawtooth wave 
at a frequency equal to the frequency of the rectangular 
65 wave driving signal. The peak-to-peak magnitude swing 
of the ripple is a function of the duty cyde, the rectan- 
gular wave frequency and the time constant of process- 
ing circuit 14. 
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It will be appreciated that pulsed signals in accor- 3. Apparatus according to claim 2 wherein said com- 

dance with this invention need not have a rectangular bination of elements has a time constant of about 2.71 

wave shape that other wave shapes may be used. How- milliseconds. 

ever, the same duty cycle considerations apply, with the 4. Apparatus according to claim 3 wherein said driver 

understanding that D is the duty cycle of an equivalent 5 comprises means for generating a square wave at a 

rectangular wave; that is frequency of about 23.6 khz with a duty cycle of about 

0.5. 

^ 5. Apparatus according to claim 1 wherem said driver 

■ '''•'^ j^jrt g, comprises a programmed microprocessor. 

' 10 6. Apparatus according to claim 1 wherein said resis- 
tive feedback path comprises a shunt resistor in parallel 
^j,gj.g. with said thermistor and a series resistor series with the 
V(t) is the time varying voltage P^^?^ combmation of said shunt resistor and said 
f is the frequency of the pulses ,^ ^"T^**^" , - . ^ • - 
V» is the peak value of the pulses V- Apparatus accordmg to clami 6 wheran said shunt 
It wiU be understood, therefore, that the present in- resKtaace approximately equal to the 
vention contemplates a signal processing circuit which '^fbrnce of said thenmstor at room tanp^ature. 
generates a temperature compensated contrast voltage ,hL,tf^ accordmg to clami 1 wherem said 
for an LCD in J«ponse to a periodically pulsed drive ^ a negative temperature coefficient, 
signal which, as a special cJL. may be a continuous '° J-f^^fT"^^ ^^TT ' 
si^ of constant vo^ge. However; the circuit of this ^ ^'"^"^^ '^^^^ compnsmg; 
hivention is particularl? well adapted for use with a ^ '^Z^ZZ'^'^'' " ^ 
^7S:^^.t:l^^.^^'' " , - ^r^r^ amplkr^Ung an input side con- 
While the form of apparatuk herein described consti- " ^SZ'^iziff/.'Tf^'^''"^r'^^ 

tutes a preferred embodiment of this invention, it is to . ^ "^^ 

be understood that the invention is not limited to this , f^I^^r^tof^ ' liqmd crystal display; 

nrpricA form of o««aro+„c ^ u ^ lecdback capacitor connected between said input 

precise form of apparatus, and that changes niay be ^^^^ ^^^^^ ^ 

made therein without departing from the scope of the m „ e*^*c J« • ♦ * ^ • 

4«^««+4o« ;o Ia ^ Ju J J 1 • 30 a senes resistor and a thermistor connected m senes 

mvention wnicn is denned in the appended claims. ^*t, *%, i_- ^- 

• ^ui^^A ^^^^ therewith the senes combination of said senes 

wnat IS ciaimea is: * j - , . 

- A ^ r ^- , , resistor and said thermistor beme connected m 

1 Apparatus for generating a contrast control volt- p^^el with said feedback capacitor; 

age for a liqmd crysta^ display compnsmg: ^ .hunt resistor comiected in parcel wi^h said thenn- 

a dnver for generatmg a penodically pulsed dnvmg 35 jg^Qj. 

• ir 1- --a * 1 a gain controlling resistor connected in series with 

an output terminal for supplymg said contrast control said operational amplifier 

voltage to a liquid crystal display; the resistance of said thermistor and said resistors and 

an operational ampMer havmg 2n mput side con- the capacitance of said capacitor being selected to cause 

nected for receiving said penodically pulsed driv- 40 said contrast control voltage to vary with temperature 

mg signal from said dnver and an output side con- in a manner such that the combmation of said contrast 

nected to said output terminal; control voltage with the contrast level supply voltage 

a capacmve feedback path connected between said provides an optimal driving voltage for a liquid crystal 

output side and said mput side; and display, 

a resistive feedback path connected between said 45 10. Apparatus according to claim 9 wherein said 

output side and said mput side; shunt resistor has a resistance approximately equal to 

said resistive feedback path comprising a thennistor for the resistance of said thennistor at room temperature, 

causmg said contrast control voltage to vary with tern- 11. Apparatus according to claim 10 wherein said 

perature m a manner which enables said contrast con- gain controlling resistor is connected between said mi- 

trol voltage to dnve a Uqmd crystal display at substan- 50 croprocessor and said input side. 

tiaUy different temperatures with no substantial varia- 12, Apparatus according to claim 10 having an RC 

tion m observed contrast time constant of about 2.71 milliseconds. 

2. Apparatus according to claim 1 wherein said driver 13. Apparatus according to claim 12 wherein said 

comprises means for generating a periodically pulsed microprocessor is programmed to generate said square 

drive signal having a duty cycle D which produces a 53 wave at a frequency of about 23.6 khz with a duty cycle 

ratio of peak-to-peak ripple to mean signal which is not of about 50 percent, 

greater than about 1.25%. ***** 
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